The initial analysis of the oral combination melphalan, prednisone, and thalidomide (MPT) in newly diagnosed patients with myeloma showed significantly higher response rate and longer progression-free survival (PFS) than did the standard melphalan and prednisone ( 
Introduction
The combination of melphalan and prednisone (MP) with new agents, such as bortezomib, lenalidomide, or thalidomide, has shown substantial activity in multiple myeloma (MM). [1] [2] [3] [4] [5] [6] [7] [8] [9] Four randomized studies have assessed the combination of MP plus thalidomide (MPT) in patients with newly diagnosed MM. [6] [7] [8] [9] In our initial report, 6 we compared the oral standard MPT with MP in patients 60 to 85 years of age. The partial response (PR) rates were 76.0% in the MPT group and 47.6% in the MP group. Event-free survival at 2 years was 54% after MPT and 27% after MP (P ϭ .006), and overall survival (OS) at 3 years was 80% for MPT and 64% for MP (P ϭ . 19 ). In the second study, 7 the Intergroupe Francophone du Myélome (IFM) compared MPT with MP in patients 65 to 75 years of age: PR rates were 76% and 35% (P Ͻ .001), median progression-free survival (PFS) was 27.5 and 17.8 months (P Ͻ .001), and median OS was 51.6 and 32.2 months, respectively (P ϭ .001). In the third study, 8 the IFM group randomly assigned patients 75 years of age and older to either MPT or MP plus placebo. The PR rate was 62% in the MPT group and 31% in the MP group, median PFS was 24.1 months for MPT and 19.0 months for MP (P ϭ .001), and median OS was 45.3 months for MPT and 27.7 months for MP (P ϭ .03). In the fourth study, 9 362 patients with a mean age of 75 years (range, 49-92 years) also received MPT or MP plus placebo. Results of an interim analysis showed better response rate and time to progression in the MPT group than in the MP group (P Ͻ .03) but did not show any improvement in PFS or OS. Results from these 4 randomized studies [6] [7] [8] [9] consistently showed better response rate and remission duration in patients assigned to MPT than in those receiving MP, but OS benefit was only reported in the 2 studies undertaken by the IFM. 7, 8 In this updated analysis, we investigated whether MPT can provide improved survival benefit compared with MP after an increased follow-up, and we assessed other updated efficacy endpoints for MPT. We analyzed the relation between the administration of thalidomide or bortezomib as salvage regimens and survival after progression and undertook subgroup analysis for PFS and OS.
Methods
We enrolled 331 patients in 54 centers in Italy. Eligibility criteria were as previously reported. 6 Briefly, we included patients with previously untreated myeloma who were older than 65 years or younger but excluded from transplant procedure, had Durie and Salmon stage II or III myeloma, 10 and had measurable disease. 11 The study was approved by the institutional review board at each of the participating centers on January 28, 2002. All patients provided written informed consent before entering the study, which was undertaken in accordance with the Declaration of Helsinki.
Study design and treatment
Study design and randomization procedure were as previously reported. 6 Experimental therapy (MPT) consisted of 6 4-week cycles of oral melphalan (Alkeran; GlaxoSmithKline, Verona, Italy) at 4 mg/m 2 on days 1 through 7, oral prednisone (Deltacortene F; Brunofarmaceutici, Rome, Italy) at a dose of 40 mg/m 2 on days 1 through 7, and oral thalidomide (Pharmion, Windsor, United Kingdom) at 100 mg/day continuously during the 6 cycles of MPT and then at 100 mg/day as maintenance therapy, until evidence of relapse or refractory disease was confirmed. The dose of thalidomide was reduced by 50% on the occurrence of any nonhematologic grade 2 toxicity and was discontinued for any nonhematologic grade 3 toxicity. After 65 patients were randomly assigned to MPT, enoxaparin at 40 mg/day was given subcutaneously during the first 4 cycles of therapy, as anticoagulation prophylaxis. Standard therapy (MP) consisted of six 4-week cycles of oral melphalan at 4 mg/m 2 on days 1 through 7 and oral prednisone at a dose of 40 mg/m 2 on days 1 through 7.
Assessments
Assessments of both efficacy and safety were undertaken every 4 weeks during chemotherapy regimens and every 2 months thereafter. The response to treatment was monitored with the response criteria of European Group for Blood and Marrow Transplantation-International Bone Marrow Transplant Registry. 12 PFS was calculated from the time of diagnosis until the date of progression, relapse, death for any cause, or date that the patient was last known to be in remission. OS was calculated from the time of diagnosis until date of death for any cause or date the patient was last known to be alive. Survival from progression or relapse was calculated from the time of progression or relapse reported after treatment with MPT or MP until the date of death for any cause or date that the patient was last known to be alive. We assessed all adverse events at every visit and graded them according to the National Cancer Institute Common Toxicity Criteria (version 2). 13 
Endpoints and statistical analysis
The primary endpoints were response rates and PFS. Secondary endpoints included OS, prognostic factors, and frequency of any grade 3 or higher adverse events. Sample size was calculated as previously described. 6 Data were monitored by external contract research organization. The final analysis was performed by an independent statistical office. Previously, we reported data from 255 randomized patients 6 ; however, in this analysis, we include all 331 randomized patients. Times of observation were censored on December 31, 2007. We calculated the absolute difference (with a 95% confidence interval [CI]) of the proportion of patients in each response category between the 2 groups with CI Analysis (version 2.1.1). Survival data were analyzed with the Kaplan-Meier method, 14 and treatment groups were compared with the log-rank test. The unstratified Cox proportional hazard model was used to estimate the hazard ratios (HRs) and 95% CI for PFS and OS. 15 HR of survival from progression or relapse was adjusted for prognostic factors (age, ␤ 2 -microglobulin, albumin) through a multivariate proportional hazards model. Analyses were done with SAS (version 8.2; SAS Institute, Cary, NC). Table 1 shows patient demographics and baseline characteristics. A total of 331 patients were randomly assigned to receive oral MPT or MP. At the time of the final analysis, all patients had completed the assigned treatment schedule; 8 (4.8%) of 167 patients in the MPT group and 4 (2.4%) of 164 in the MP group were not treated as assigned. A total of 39 (23.3%) of 167 MPT patients and 37 (22.6%) of 164 MP patients did not complete the assigned treatment schedule (Figure 1 ). The median duration of thalidomide therapy was 9.6 months (range, 0.03-61.6 months). Thalidomide For personal use only. on November 13, 2017. by guest www.bloodjournal.org From was discontinued in 57 (34.1%) patients after a median of 2.2 months, reduced to 50 mg daily in 64 (38.3%) after a median of 6.1 months, and subsequently discontinued in 25 (15.0%) after a median of a further 2.7 months.
Results

Patients
Updated end point data
Data were analyzed after a median follow-up of 38.4 months (range, 0.23-69.45 months; SD, 16.5 months) in the MPT group and 37.7 months (range, 0-72.34 months; SD, 17.1 months) in the MP group. A total of 147 (44.4%) patients died in both groups after 21 additional months of follow-up compared with the initial report. The median interval between time of diagnosis and start of treatment was 8 days. In the MPT and MP groups, complete responses were 15.6% and 3.7% (absolute difference ϭ 11.9%; 95% CI, 5.7%-18.5%, P Ͻ .001), very good partial responses were 29.3 and 11.0 (absolute difference ϭ 18.4%; 95% CI, 9.9%-26.8%, P Ͻ .001), and partial responses were 68.9 and 47.6 (absolute difference ϭ 21.3%; 95% CI, 10.7%-31.2%, P Ͻ .001), respectively. The median time to progression was 24.7 and 15.0 months (HR ϭ 0.57; 95% CI, 0.44-0.75; P Ͻ .001), median PFS was 21.8 and 14.5 months (HR ϭ 0.63; 95% CI, 0.48-0.81; P Ͻ .001; Figure 2A ), but the median OS was 45.0 and 47.6 months, respectively (HR ϭ 1.04; 95% CI, 0.76-1.44, P ϭ .79; Figure 2B ). A total of 25 deaths (13 from adverse events and 12 from disease progression) were recorded in the MPT group and 25 deaths (10 from adverse events and 15 from disease progression) in the MP group within the first year of treatment.
Subgroup analysis
We confirmed that improved PFS for MPT was consistent across different subgroups that were at increased risk of disease progression, such as patients older than 75 years (HR ϭ 0.53; 95% CI, 0.31-0.91), with increased ␤ 2 -microglobulin concentrations (HR ϭ 0.58; 95% CI, 0.40-0.84), with high International Staging System (ISS) disease stage 16 (HR ϭ 0.59; 95% CI, 0.35-1.02), with bone-marrow plasmacytosis (HR ϭ 0.66; 95% CI, 0.45-0.88), with anemia (HR ϭ 0.80; 95% CI, 0.52-1.22), or with renal insufficiency (HR ϭ 0.71; 95% CI, 0.28-1.81; Figure 3 ). The achievement of at least a very good partial response after 6 months of therapy correlated with better PFS in the entire population (HR ϭ 0.64; 95% CI, 0.45-0.93; P ϭ .02), but no significant advantage was evident in the MPT (HR ϭ 0.67; 95% CI, 0.42-1.1; P ϭ .10) or in the MP group (HR ϭ 0.74; 95% CI, 0.39-1.39; P ϭ .35). OS was unchanged in all prognostic subgroups. In patients with low concentrations of ␤ 2 -microglobulin, we noted a trend toward a survival advantage for those assigned to MP (HR ϭ 1.44; 95% CI, 0.80-2.58); conversely, in patients with high concentrations of ␤ 2 -microglobulin, we noted a trend toward a survival advantage for those assigned to MPT (HR ϭ 0.70; 95% CI, 0.45-1.08). The difference in survival recorded in these subgroups was marginally significant (P for interact term [MPT*␤ 2 microglobulin] ϭ .05).
Salvage treatments
The median survival from progression or relapse was shorter in the MPT group than in the MP group (11.5 vs 24.3 months; HR ϭ 1.56; 95% CI, 1.09-2.24, P ϭ .01; Figure 4A ). A total of 212 (64.0%) patients had progression or relapse: 96 (57.5%) in the MPT group and 116 (70.7%) in For personal use only. on November 13, 2017. by guest www.bloodjournal.org From the MP group. A second line of treatment was given in 81 (48.5%) patients assigned to MPT and 93 (56.7%) assigned to MP. 15 (9.0%) MPT patients and 23 (14.0%) MP patients did not receive any salvage regimen, mainly because of death from disease progression. Salvage regimens, including conventional chemotherapies with dexamethasone or doxorubicin, or alkylating agents, were given in 44 (26.3%) MPT patients and 25 (15.2%) MP patients. Bortezomib-based or thalidomidebased salvage regimens were used in 37 (22.2%) MPT patients and 68 (41.5%) MP patients. Bortezomib or thalidomide-based regimens significantly improved survival after progression in patients who received MP at diagnosis (HR ϭ 0.25; 95% CI, 0.12-0.51; P Ͻ .001; Figure 4B ), but not in those who were already exposed to thalidomide at diagnosis in the MPT regimen (HR ϭ 0.75; 95% CI, 0.42-1.35; P ϭ .34; Figure 4C ). No difference in outcome was observed between patients treated with bortezomib-based or thalidomide-based salvage regimens.
Safety
The MPT safety profile did not differ significantly from the initial report. 6 Grade 3 or 4 adverse events were reported in 92 (55%) MPT patients and in 36 (22%) MP patients. The most frequent grade 3 or 4 adverse events, such as hematologic events (23%), thromboembolism (11%), infections (10%), and gastrointestinal events (5%), were virtually identical. After the introduction of enoxaparin prophylaxis, grade 3 or 4 thromboembolism was reported in 3 patients. Two of these patients had evidence of thromboembolism within 2 months after the discontinuation of enoxaparin. No late thromboembolic events were reported. Neurologic events were 14% (previous report, 10%), cardiac events were 10% (previous report, 7%), and dermatologic events were 6% (previous report, 3%). Grade 3 or 4 neurologic toxicity was reported in 24 (14%) patients. Peripheral neuropathy was the most frequent neurologic adverse event, observed in 16 (10%) patients.
Discussion
In this updated analysis, oral MPT showed better response rate and duration of remission duration than did standard MP. We recorded no increased frequency of serious adverse events after an extended follow-up. These results accord with those from our initial analysis. 6 Our previous analysis 6 suggested better OS for the MPT group (HR ϭ 0.68; 95% CI, 0.38-1.22), but results from the extended follow-up failed to confirm this difference. With an increased follow-up, the survival curves are now almost identical in both MPT and MP groups. A substantial number of patients crossover from the MP group to thalidomide-based or bortezomib-based salvage regimens after relapse or progression. [17] [18] [19] [20] [21] The crossover could explain the absence of survival advantage. At the time of the first relapse, combinations including thalidomide or bortezomib were given to 22.2% of MPT patients and 41.5% of MP patients, whereas chemotherapy only was administered in 26.3% of MPT patients and 15.2% of MP patients. Survival from progression or relapse was significantly improved in patients who received MP at diagnosis and new agents as a second line of therapy, but not in those who received MPT as the induction regimen. Relapses in the MPT group seemed to be more drug-resistant than were those in the MP group. A higher rate of failure with salvage therapy and shorter survival after relapse can partly explain the similar OS rates in the 2 groups. In the study undertaken by the IFM, 7 a statistically significant OS advantage was reported in patients who received MPT. Salvage therapies including thalidomide or bortezomib were given to 31% of MPT patients and 46% of MP patients. Despite this substantial crossover, survival from relapse was almost identical in both groups. Comparisons between different studies are difficult to make because of differences in patient populations, duration of treatment, and use of maintenance regimen. Major differences between our study and the IFM study 7 are: age of patients (patients aged Ն 70 years, 69% vs 40%), number of MP cycles (6 vs 12 cycles), dose of thalidomide (100 mg vs up to 400 mg), and presence or absence of a thalidomide-maintenance regimen. The reason for the absence of OS advantage in our study and its presence in the IFM study is difficult to establish. 7 The occurrence of drugresistant relapse should be much the same in both studies, although future studies should better define if a thalidomide maintenance approach may increase the incidence of drugresistant relapse. The total dose of melphalan was 4 mg/kg in patients who completed the assigned treatment schedule of our study (6 MPT cycles) but 12 mg/kg in those who received the assigned 12 cycles of the IFM study. An increased dose of melphalan can induce a higher frequency of cumulative hematologic toxic effects and long-lasting thrombocytopenia. 22 The occurrence of peripheral cytopenia prevents the delivery of full-dose second-line therapies, reducing the effect of salvage therapies on survival. The median OS for MPT patients was fairly similar in both studies 6, 7 (45 months vs 51.6 months), but the median OS for MP patients was substantially higher in our study (47.6 months vs 33.2 months), even though median age was much higher. These data suggest that thalidomide exerted its benefit at diagnosis in both studies but failed to improve outcome in patients who received a higher dose of melphalan at diagnosis and who were salvaged with a regimen containing thalidomide or bortezomib at relapse. Two other independent studies comparing MPT with MP have reported similar controversies, but they are not yet available as full publications. 8, 9 Patients assigned to MPT had improved time to progression in both studies, but survival advantage was reported only in one study 8 and not in the other. 9 Whether a sequential treatment with a single agent would yield similar survival benefits with fewer toxic effects compared with a more complex combinational regimen given at diagnosis remains unknown. If a combinational approach is better than single-agent therapy, this option should be considered at diagnosis when there is the best chance to induce a greater duration of remission. A sequential approach should then be considered at first and subsequent relapses, when less intense and more palliative regimens are needed. Subgroup analysis, not shown in our previous report, 6 confirmed that improved PFS for MPT was consistent across different subgroups that had an increased risk of disease progression (ie, patients older than 75 years and those with raised ␤ 2 -microglobulin concentrations, high ISS disease stage, bonemarrow plasmacytosis, anemia, or renal insufficiency). OS was unchanged in all subgroups. In patients with low concentrations of ␤ 2 -microglobulin, we noted a trend toward a survival advantage for patients assigned to MP. We recorded slight differences in the rate of serious adverse events between this Overall survival from relapse in intention-to-treat population (A), according to thalidomide/bortezomib salvage treatment for melphalan and prednisone patients (B) and for melphalan, prednisone, thalidomide (C). MPT indicates melphalan, prednisone, and thalidomide; MP, melphalan and prednisone; HR, hazard ratio; CI, confidence interval; Thal, thalidomide; and Bor, bortezomib.
updated and the initial analyses. 6 We identified no new safety concerns in this updated analysis and no evidence of new or cumulative toxic effects. Peripheral neuropathy remains the major adverse event, which is quite manageable with appropriate thalidomide dose reduction. No late thromboembolic events were noted after the discontinuation of anticoagulant prophylaxis. In the previous report, 6 overall survival was not significant with a trend in favor of MPT (HR ϭ 0.68), whereas survival from relapse and subgroup analyses was not reported. In this updated analysis, the lack of an overall survival benefit is rather definitive, and longer follow-up will not change the results; survival from relapse is improved by the introduction of new drugs in salvage regimens; subgroup analyses show that the MPT benefit is identical in patients with high or low levels of ␤ 2 -microglobulin, and no additional or late adverse events are present.
In conclusion, MPT continues to show a better response and PFS in elderly patients with newly diagnosed MM than standard MP does. However, we noted no advantage in OS, probably because of the use of more effective salvage regimens in the control group.
